The presence of extrachromosomal nuclear ribosoraal DNA (rONA) in the unicellular alga Euqlena qracilis has been established. This rDNA is circular. 
INTRODUCTION
In Eukaryotes, nuclear ribosomal RNA genes are generally clustered on chromosomes, tandemly repeated often several thousand times in the nucleolar organizers (see Ref.
1 for a review). Ribosomal genes can also be fh extrachromosomal (1) . This form of ribosomal DNA (rDNA) was observed during oogenesis of some animals like amphibians, fishes and certain insects, and occurs in many unicellular Eukaryotes. Extrachromosomal rDNA is circular in Xenopus, Triturus, in the water beetles Dityscus and Colymbytes, in the cricket "*• Acheta and in the yeasts Saccharomyces and Torulopsis (1, 2, 3) . It is linear k and circular in Parameciura, and exclusively linear in the ciliated protozoans Tetrahymena, Oxytricha, Stylonichia, and in the slime molds Physarum and Dictyoatelium (1, 4) . Although sometimes suggested (5) (6) (7) (8) , the presence of extrachromoaomal rDNA was never demonstrated in photosynthetic cells. We report ,.
here the first evidence that there exist large amounts of extrachromosomal nuclear rDNA in a photosynthetic cell, the unicellular alga Euglena gracilis. * This rDNA is circular and mainly raonomeric. Extrachromosomal rDNA was not detected in the two higher plants studied, spinach and Petunia.
MATERIALS AND METHODS
Cultures and extraction of total DNA t Euglena cells were grown under white light in Euglena Broth medium B. Southern blots of undigested total DNA from wild-type and mutant Euqlena strains (autoradiography for two hours at -80°C) and from Petunia and spinach (autoradiography for 24 hours at -80°C). Y3BUD sample was the same as in lane 1 of A, but after storage for six weeks at 4°C. HHW: High Molecular Weight.
Southern blots were probed with a mixture of plasmids pRH57 and pRH59 (see Figure 28 ). Analyses of DNA DNA concentration was determined by the specific fluorometric assay using DABA (11) . Total DNA, 1.5 ug, was electrophoresed in 0.7X agarose (Sigma) gels.
DNAs 1 and 2 were analysed in 0.9X agarose gels. Electrophoreses were at 30 volts, overnight, with ethidiura bromide 1 pg/ml. DNA was transferred onto nitrocellulose filters according to Southern ( 12) , and hybridized with an equiraolar mixture of nick-translated pRH57 and pRH59 plesmids ( Figure 2B ), specific activity was 2 X 10 7 cpra/ug. Autoradiographiea were performed with an intensifying screen. Purified DNA 1 and 2 were digested in buffers recommended by the supplier (Boehringer) for 4 hours in the presence of 10 enzyme units/ug.
X DNA digested with Eco RI or Hind III was used as a standard . Hind III fragments of X DNA were labelled by filling in with the Klenow fragment of DNA polymerase I and radioactive nucleotides.
Electron microscopy R-loop formation and spreading of DNA were carried out as before (13) .
Hybridization temperature was 53°C, and DNAs were spread from an hyperphase 40SS
in formainide onto an hypophase 105 in formaraide. In a few cases, DNA was spread after addition of pBR322 as an internal standard.
RESULTS AND DISCUSSION
The Euglena nuclear rDNA unit is 11.5 kb long and contains genes for To further analyse theae DNAs, we have enriched Y3BUD DNA extract using the denaturation-renaturation technique described for preparation of bacterial respectively to open and supertwist circles, while the bands at 11.5 kb in Figure 1 correspond to linearized circles.
All the data shown above clearly demonstrate that nuclear rDNA in Euglena is present as circular DNA oolecules of 3.8 urn. The presence of the 255 rRNA gene was not directly evidenced, but we demonstrate that the size and the restriction pattern of the circle are those of the complete rDNA unit (14) .
Faint hybridization bands observed sometimes on autoradiograms, particularly above the DNA 1 band, may represent diraers or trimers of the rDNA unit s few 8 um circles were observed before (20) . In contrast to amphibian and insect ovocytes where most of the extrachromoaoraal rONA are oligomera, in Euglena roost of them appear as monomer circles. These molecules are probably similar to the 3.6 pi (in formaraide) DNA circles described by Nass and Ben-Shaul (21) . As in our studies, they observed that these circles are leas abundant during the stationary than during the exponential phase of growth. Such a decrease has already been found for Tetrahymena extrachromosomal rDNA (22) . It is possible that part of the 3.8 pm DNA circles observed here are not nuclear rDNA. To check that, we have looked for chloroplast origin but all the approaches used, such as comparative denaturation of chloroplast DNA and 3.8 um circles, or heteroduplex formation between chloroplast DNA and 3.8 um circles, were unsuccessful. It remains possible that some circular DNA molecules represent various types of DNA sequences cut out by looping due to the presence of direct repeat sequences (23) (24) (25) (26) (27) .
The ease of detection of these molecules in total undigested DNA suggests that they represent a large portion of the nuclear rDNA. In gels where DNA 1 and DNA 2 are visible under U.V., we estimated the amount of such circular DNAs to be at least IS of total DNA, which corresponds to about 2,400 units per cell, assuming e DNA content of 3 pg per cell (28) . This value is in agreement with the range found in the literature, namely 800, 1,000 and 4,000 rDNA units per Euglena cell (14, 29, 30) . This and the fact that low hybridization is In higher plants, the rDNA unit ranges from 7.7 to 12.7 kb (31) . If there are large amounts of extrachromosomal circular rDNA units, they should be easily visible. Thus we have looked for them in total DNA from Petunia and spinach. Our probe effectively detects rDNA in chromosomal DNA ( Figure IB ), but no hybridization was found in lower molecular weight DNA even after long exposure of the filters. As DNA was extracted from leaves, we cannot rule out that extrachroraosomal rDNA might be present in other parts of the plant; it might also appear during a short phase of the development or under the influence of environmental factors.
This work describes for the first time the presence of extrachromosomal rDNA in a photosynthetic cell. Up to now, amplification haB been suggested but never demonstrated in any algae and higher plants (5) (6) (7) (8) . Work is in progress to determine wether the 3.8 um circles replicate. If this is the case, it would constitute a model to study the replication process of nuclear DNA and its regulation in photosynthetic cells.
While this paper was being written, a short report appeared (32) which describes 11.3 kb circles but does not identify them. As in our studies, these authors estimated the number of these circles to be at least 1000/cell.
